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TISSUE DISCRIMINATnQN AND APP LICATIONS IN MEDICAL 
S PROCEDURES 

Cross^References to Related ^pUcattons 

This application claims the benefit of prior provisional application no. 60/205,634 filed May 
18, 2000 and U.S. application no. 60/243,465 filed October 25, 2000, under 37 CFR 
10 1 .78§(a)(3), die fell disclosure of whidi is incorporated herein by reference. 

Technical Field: 

The present invention is related to tissue surveillance systems. 

15 

Background of the Invention: 

Systems and methods exist for determining when a probe, needle, catheter or other devices 
make contact with a particular tissue, e.g., US Pat No. 5,836,990 to Li entitled ^Method and 

20 Apparatus for Detemiining Electrode/Tissue Contact". The Li patent teaches a method for 
determining when a catheter makes contact with tissue covered with an ionic liquid. The 
system measures the electiii^ impedance at a distal end of the catheter and detemiines tissue 
contact has been made when the inq)edance increases. The ^trai does not identify the type 
of tissue contacted and presumes the tissue is covered in an ionic liquid. Accordingly^ a need 

25 exists for a system and method that identify tissue and use this information in medical 
procedures. 

Systems and method also exist for controlling the level of ablation of tissue. These systems 
monitor the impedance of tissue being ablated to detemiine if &e ablation energy is optimaL 
30 The systems generally measure inq>edance to within approximately 20 ohms. These systems 
do not determine when sufficient therapy has been applied to the tissue and cnq>loy 
impedance measurment with low tolerance levels. Accoidingly, a need exists for a system 
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fhat may control any foim of fhexapy by momtoiing characteristics of an electrical signal 
sailed to the tissue. 
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Summary of the Inventioii: 

The present mvention provides a system in which an electrical signal is ^lied to a tissue via 
electrodes disposed on a tissue probe. The electrical signal ^plied to the tissue preferably 
S conq>rises a frequency variable cuxrent or voltage that is prefmbly applied to the tissue usmg 
a sliding frequency scale. 

In accordance with the present invention, the response to the applied signal is measured as the 
signal passes trough tissue disposed at, around, or adjacent to, the probe. The inventors have 

10 found tibat different tissue types display difEerent electrical transmL^on properties, including 
difforent capacitance and impedance properties. Accordingly, by measuring the electrical 
characteristics of the response signal, it is possible to detfflnine the type of tissue through 
which the signal is passing. Preferably, this is accomplished by comparison to known 
exemplary signal dbiaracteristics for various tissue types. Further, when the probe is known to 

IS be a first tissue, tiie system and mettiod may detennine when the probe is advanced into a 
different tissue based on the changed electrical characteristics of ttie signal applied the probe. 

In accordance with fibie preset invention, the electrical signal characteristics that are 
monitored may include the phase shift betwem the voltage and current passing through a 

20 selected tissue, and the inq>edance of the selected tissue. The present inventors have 
esqierimentally determined that these properties vary from one tissue type to anoth^. In a 
preferred aspect of the present invention, ttie electrical signal applied to the tissue may be a 
sliding frequency signal so a frequency spectrum of phase shift and impedance of a tissue is 
detennined, however, any electrical, magnetic, or optical signal whose phase relationship and 

25 impedance to passage through ttie tissue may be measured can be used. 
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la a preferred meliiod, a probe is advanced to a position in, at, or adjacent to, a selected tissue 
and an electrical signal is aiipUed to tiie tissue by an electrode on the probe. The response to 
this signal is then measured and compared against electrical, magnetic, or optical 
transmission characteristics for the various tissue types. For example, the present invention 
S provides a method and system for detemiining whether the ccmductive tip of a pedicle probe 
or pedicle screw is located in one of cortical bone, cancellous bone, and cortical bone near a 
boundary with soft tissue, whethCT the conductive tip of a cannula is located adjacent to one 
of nerve tissue and annuhis tissue and whetih^ flic conductive tip of a cathode is located 
adjacent to one of nerve tissue and prostate gland tissue. 

10 

Further, the invrators have discovered that the signal transmission characteristics of various 
tissues vary as a function of the tissue's health. Accordingly, the present system can also be 
used to detmnine tissue health (for various tissue types) by comparing the signal responses of 
tissue (in response to stimulation by the probe) to responses for healthy tissue. 

15 

The present inventors have detemiined that diffident cell / tissue types exhibit different 
cq)adtive effects. In addition, tihese capaciUve effects vary considerably between living and 
dead cells. Accordingly in another aspect of the invention, the present syst^ discriminates 
between living and dead tissues. This feature of the invention is particularly useful when the 
20 present system is used in coigimction with a tissue ablation systenL For instance, the tissue 
ablation system may be prevented fiom providing unnecessary energy to ablate tissue and 
thereby protect surrounding tissue. 

Moreover, the present system can be adapted to sense ttie presence of a particular type(s) of 
25 tissue as the probe is advanced through the patioifs body. Such a feature of the present 



wo 01/87154 PCT/USOl/16027 

inveation is paxticularfy advantageous when sensing for the presence of nerve tissue. 
Specifically, the probe can be advanced through the patient's body, with the response to fte 
electrical stimulation emitted by the probe being continuously monitored such that as nerve 
tissue is q>proached; the response signal will begin to exhibit characteristics indicative of 
S nerve tissue. 

Such nerve sensmg features of the present invention can be used, for exanqile^ to sense for 
the presence of spinal nerves when advancing surgical equipment (which may include 
cutting, drilling, screw insertion, implant, and tissue ablation systems) towards the patient's 
10 intervertd>ral space. 

In an optional aspect of the present invention, a probe having an electrode positioned thereon 
is rq>laced with a probe, which is itself electrified. For example, an electrified needle or an 
electrified trocar or cannula can be used as the probe. An advantage of having tiie entire 
15 probe emit the signal (rather than just an electrode disposed thereon) is that the probe itself 
caa be made to smaller dimensions, particularly in the case of an electcified needle. 

In optional aspects of the present invention, the probe is mono-polar. Specifically, only a first 
electrode is disposed on the probe. A second electrode is flien portioned some distance away 
20 ftom the first electrode at anotfier location on flie body. Alternately, the probe may be bi- 
polar with both the first and second electrodes positioned on the probe itself. Additionally, 
tiie probe may include a plurality of bi-polar electrodes placed along the probe (such as 
around the t^ and the lengdi of the probe) to detemune tissue types around ttie probe. 
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In a pxefened aspect of the pieseat inveation, tbQ measuremeat of the phase angle 
relationship between ttie voltage and cuirCTt of tiie signal and inq)edance of the signal may be 
used to detennine: (1) ttie type of tissue in which the probe is located, (2) the health of the 
tissue^ (3) the relative location of the tip of the probe (ie: in cases where the electrode is 
5 disposed in the tip of the probe); and (4) any combination of (1), (2) and (3). As such, by 
gathering data m^^ed by analyzing the response signal^ measured characteristics can be used 
to correlate: (1) tissue identity, (2) tissue health, and (3) tissue location. 

In addition, the present invention can be adaptsd to: (5) locate specific tissue wifli a body; (6) 
10 control application of fberspy to tissue; (7) detect the state of healtii of tissue; (8) navigate to 
tissue; and (9) any combination of the above. 

In one embodiment, the invention is a tissue system including a computer system having an 
analog to digital (A/D) converter and digital to analog (D/A) converter interface (PCI board), 

15 that may be used to generate the control signal which is applied to flie electrode or conductive 
tip of the probe. The conoputer generates the signal via the D/A converter. Then the A/D 
converter converts the signal received fiom the conductive tip into digital sanq)les by 
^e^Tnplitig the signal at a prcdetannincd rate, where the digital samples may have a fixed or 
variable number of bits and have linear, logatitbmic or other scaling. The computer system 

20 detennines charactoistics of the received signal firom the digital sanqples, in particular the 
phase angle and impedance at the conductive tip or ottier location of Hxt probe where the 
electrode(s) may be located. Based on the detemiined characteristics taken over time (which 
is then stored in a knowledge base or tabulated form), the present invention may determine 
tissue identity and tissue location. In a preferred aspect, the electrode disposed on the probe 

25 comprises a bipolar electrode conductive tip probe. 
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la an optional aspect of &e present invention, the application of therapy to the tissue in which 
the probe is located may be precisely controlled. Based on the characteristics of the tissue 
where the probe is located, tissue therapy qqplication may be precisely controlled. For 
5 exanq)le, the application of heat or cooling thecipy may be used to ablate or cool tissue. Jn 
one exemplary aspect, the same electrod6(s) used for tissue discrimination (ie: determining 
tissue type for tissue disposed adjacent to the electrode on the probe) may also be used for 
tissue ablation by heating. 

10 Ih various aspects, the level of heating or cooling of the tissue may be modulated as a 
function of the measured characteristics of the tissue. In particular, the phase angle and 
impedance of the tissue change as tiie tissue is heated or cooled to certain level Accordingly, 
Hxe application of therqiy may be regulated by the {nresent computer system. In particular, the 
computer system may coxnmumcate with a device qyplying therapy and automatically control 

15 the level of therapy. 

Given that tiie present system can determine the type and location of various tissues witiiin a 
patient, the present system may be used to detennine the relative health of the tissue. In 
particular, tiie measured characteristics of the signal will vary for diseased or unhealthy 

20 tissue, as compared to nomaal healthy tLssue. Urns, the present system may be used to 
deteantnine the type of tissue, the location of tiie tissue, the healtfi of tissue, and also to control 
tiierq>y for tissue based on the same. FurthOTiore, the probe may optionally be coupled with 
an automated navigation system that navigates within the patient based on flie measured 
characteristics of the received signal. Such a navigation system may use the tissue identity 

25 and location data to navigate to a particular location within an organ. Then the computer 
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system may determine the health of the tissue at the location within the oigan and control the 
£qpplication of therapy as appropriate. 



As can be envisioned by one of skill in the art, many differ»t combinations of the above may 
5 be used and accordingly the pzesent invention is not limited by the scope of flie appended . 
claims. 

In optional aspects of the invention, the characteristic electrical properties of tibe various 
tissue types are determined for different tissues at different RF fi:equ^ies. For example, the 
10 signal nmy be e3DUttedfit>m&e probe (into &esurroundiiig tissue) at fi^^ 

of 400 kHz to 100 MB^ Determimng &e electrical properties of various tissues at various 
signal frequencies may be advantageous in that different cell (ie: tissue) types may exhibit 
diffetCTt harmonics. As such, tissues may be fiirfher charactoized by measuring phase shift 
or impedance at various firequencies, or along a sliding jfirequency. 

15 

Brief Description of the Figures: 

HG. 1 is a block diagram of a tissue discrimination system in accordance with the present 
20 invention. 

FIG. 2 illustrates a method of controllmg the aqpplication of tiierapy to tissue according to the 
present invention. 

25 FIG. 3 illustrates amethod 50 of determining tissue health according to the present invention. 
Like reference nmnbeis and designations in the various drawings indicate like elements. 

30 
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BestM de of Carrying at the Inventioii: 

Throughout Ibis descriptioii^ the prefened embodimeut and examples shown should be 
S considemi as exenq)lazs, rather dian as limitations on the present invention. 

Figure 1 is a diagram of tissue identification system 10 in accordance with the present 
inventioa The system 10 includes a user readable output device 12, a user input device 16, a 
processor 20, and a probe 22. The processor 20 includes a central processing unit C*CPU*0 14 

10 and Digital to Analog converter CT)/A") and Analog to Digital Converter C*A/D'0 18. The 
CPU 14 may be any micropiocessor having sufiBdent processing power to control the 
operation of tiie D/A & A/D 18 and output device 12. The D/A & A/D 18 is any such device 
having a sufficient operating cycle to generate signals with the frequencies described herein 
and suffici^ sampling rate to generate the digital sanq;>les described herem. The probe 22 is 

15 any medical device that may be used to hold one or more electrode thoreon where the 
electrodes transmit and receive electrical signals. Exemplary probes include carmulae, 
needles, catheters, RF ablation devices, lasers, or other medical instruments. The probe 22 
may have a single electrode (mono-polar), two electrodes (bipolar), or a plurality of 
electrodes (multi-polar) configuration. Througjiout the remainder of the discussion, a probe 

20 with a conductive tip is discussed as one exemplaiy embodiment It is understood that the 
electrodes could be placed anywhere along the drcumfcrcnce or width and Iraigth of the 
probe. A probe having multiple electrodes ideally includes groups of bipolar electrodes so the 
system or method of the invention may map the response of the electrode pairs. 

25 The CPU 14 controls the operation of the D/A & A/D 18 and output device 12 based upon 
user selection received via flie user input device 16. The user input device 16 may be any 
inpvA device includmg a keyboard, mouse, or touch-sensitive screen. The ou^ut device may 
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be any output device controllable by the CPU 14 such as computer monitor, printer, or other 
compute controlled display device. The system 10 goxerates an electrical signal that is 
transmitted to tissue near or about the probe 22. When the probe has an omni-directiQnal 
conductive tip, the electrical signal may be propagated to a wide area of tissue about the 

5 conductive tip. The conductive tq> may include an electrodes pair (bipolar) so that the 
electrical signal is directed primarily to tissue directly in tiie path of the probe's conductive 
tip (electrode pair). The system 10 provides an electrical signal at the electrode(s) on the 
probe via flxe D/A 18. lii particular, flie CPU generates a digital representation a signal to be 
transmitted by the probe 22. The D/A convcrte tibe digital signal to an analog signal ttiat is 

10 transmitted through tissue by the probe 22. 

The probe 22 also receives signals conducted by tissue surrounding ttie conductive tip of die 
probe 22. The A/D 18 converts flie analog signal received by the electrode(s) of piobe 22 into 
a digital signal that may b e processed by the CPU 1 4. 

15 

In one embodiment, the system applies a fixed firequency signal to the probe electrode(s). In 
an exemplary onbodiment die system 10 applies a signal to die probe's 22 electrode(5) 
having a frequency from 400 KHz to 100 MHz. The system 10 may apply a signal having a 
range or sliding firequency. The system 10 applies the RF signal to the electrode(s) via the 
20 CPU 14 and D/A 18. 

The rq>eatable pattern of the applied signal may be any pattern where the phase of signal may 
be determined, Le., any signal whose phase relationship (voltage to current) m^ be 
measured In one embodiment, the applied signal is a sinusoidal signal. In another 
25 embodiment, the signal is a square wave signal where the phase of the signal is measured at a 
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leading or a trailing edge of each square wave. Any signal whose phase relationship (voltage 
to current) may be measured can be used 

The A/D 18 converts signals received at ttie electrode(s) of the probe 22 to a digital signal for 
S piocessmg by die CPU 14. The CPU 14 detennines characteristics of the tissue suirounding 
ttie probe's 22 electrodes by comparing die signal implied to ttie electrode(s) and the signal 
received from the same. In one embodiment the phase angle between voltage and cuirent of 
the applied signal (effective capacitance) and impedance of die tissue suiroimding die 
conductive element (electrDde(s)) of the probe 22 is det^mined. It has been fonnd diat the 
10 measurement of the phase angle relationship and impedance may be used to detecmine the 
identify or type of tissue in which die probe electrode(8) is located, die relative healdi of the 
tissue, the relative location of the electrodes to odier surrounding tissue, and to control the 
implication of thenq[)y to the tissue suitounding the probe's 22 electrode(s). In one 
embodiment, die measured diaracteristics and die specific firequencies of the q;>plied signal 
15 corresponding to the measured characteristics may be used to determine the identify or type 
of tissue in which the probe electrode(s) is located, the relative health of the tissue, the 
relative location of the tip to other surrounding tissue, and to control the application of 
dicrapy to the tissue surrounding the probe's 22 electrode(8). 

20 For exanple, the probe 22 may be placed in the kidney of a patient Then, system 10 may 
apply a signal to the probe's 22 electrode(s) having a varying or fixed frequency. Then, the 
system 1 0 determines the phase ang^e and inq>edance of the signal applied to the probe 22 for 
each firequency of the signal. In one embodiment, die system 10 may use die combination of 
characteristics and fi^quency of the q)plied signal may be used to determine 1) that the 

25 electrode(s) of the probe is located within kidney tissue (identification of tissue) and 2) where 
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within the kidney tissue is the probe located, i.e., near the outer cordial or imer medulla of 
the kidney (or more precisely) (specific identification of tissae)« 



The Efystem 10 may also detemiine whether the kidn^ tissue about the el6Ctzode(s) of the 
5 probe 22 is healthy, i.e., isdiemic, has tumors. By first knowing tibat the 6lectrode(s) are in 
kidney tissue (a first tissue type), the system can look for changes in the signal charactaistics 
to deteonine that unhealthy tissue (a second tissue ^e) is prescaat within flie kidney. When 
the system 10 deteraiines that the tissue about flie probe's 22 electrode(s) is not healthy, the 
system 10 may apply therapy to the tissue. The thenqpy may include the qipHcation of heat 
10 energy (ablation) or removal of heat energy (cryogenic cooling) of the tissue. The system 10 
may continue to monitor characteristics of the tissue about the electrode(s) to determine when 
sufficient tfaer^y has been ^lied. Then, when sufficient fbctdpy has hem applied, the 
system 10 may stop the application of therapy. In one embodiment, sufficient thenq)y has 
been appUed when flie tissue dies. The system 10 may then monitor the phase angle and 
15 impedance of the jqjplied signal to detemiine when cell or tissue necrosis has occurred. The 
system 10 may also consider the fiequency of &e appfied signal relative to the phase angle 
and impedance. 

The A/D converter 18 converts the signal received fiom the electrode(s) into digital samples 
20 by sampling the signal at a predetennined rate where the digital sanq>les may have a fixed or 
variable number of bits and have linear, logarithmic or ottier forms of scaling. The system 10 
determines characteristics of the received signal from Hie digital samples, in particular the 
phase angle and impedance at the electrode(s). The system 10 may also include a knowledge 
base coupled to the CPU 14. The knowledge base may be stored characteristics about a large 
25 variety of know tissues. The bas may also b correlated or indexed on the ftequency of the 
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q>plied signal. The knowledge base may be a database stored in fixed electronic medium (not 
shown) coupled to the CPU 14. In ttds embodiment, the CPU 14 compares the det^mined 
characteristics to characteristics stored in the database to determine tissue identity, location, 
health, and control the application of tfaeraqpy. It is noted that the invention may also know the 

5 current position of the eIecttode(s), Le., whidbi tissue the eIectiode(8) are cutr^y disposed 
therein. The knowledge base may further include information that coirelates the known 
cmrent position of electrode(s) (within a fiist tissue) with measured diaracteristics so the 
system may determine a second tissue type. Accordingly, the system or me&od of the 
invention may detenidne the tissue type of a second tissue based on knowledge of the 

10 position of flie electrode(s) in a previous first tissue and measured characteristics of the signal 
^plied to flie electn>de(s). 



It is noted fliat in anoth^ embodiment, that the present invention may be used to a device that 
automatically navigates through tissue. For exaxqple, flie present invention may be coi^led to 
15 an automated catheter system. The system 10 would provide tissue identity and location to 
the navigation system so fhe navigation system may navigate to a desired location. Once at 
the desired location, the system 10 may detemine tiie health of die tissue. Then, the system 
10 may control the application of therapy to the tissue based on tibe detennined health of the 
tissue. 

20 

. For example, a navigation system in conjunction with system 10 may direct the probe to a 
specific location within kidney tissue. Based on the known characteristics of the tissue, fhe 
health of the tissue may be detennined and die qiplication of therapy may be applied when 
needed. A method 30 of applying therapy is shown in FIG. 2. In step 32, die method first 
25 dctennines the initial characteristics of the tissue. Hxen therqpy is qpplied to tiie tissu (step 
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34), Thorny for the kidney tissue may include the apphcadon of heat or cooling therapy to 
ablate or cool the tissue. The level of heating or cooling of the tissue may be modulated as a 
function of the measured characteristics of the tissue. Jn particukff, the phase angle and 
in^edance of flie tissue will change as the tissue is heated or cooled to certain level. The 

5 mefliod ^lies a signal to electrode(8) in the tissue receiving ther^ (step 36). The method 
then determines the current tissue characteristics based on flie qiplied signal (step 38). When 
the desired tissue characteristics (sufficient therapy appKed) (step 38), the method stops the 
application of therapy to tiie tissue (step 42). Accordingly, the spplication of flierapy may be 
regulated by the system 1 0. In one embodiment, the system 1 0 communicates witti a device 

10 applying therapy and automatically controls die level of therapy. 

As noted, the system 10 may be used to detOTaine the relative healtii of flie tissue. The 
measured diaracteristics of tihe signal will vary for diseased or unhealthy tissue. For example, 
it has been found that cancKOUs cells have measurably different impedance from healfty 

15 tissue. FIG. 3 illustrates a method 50 of determining tissue healfii according to the present 
inventioiL The method places the electrode(s) in known tissue (step 52). The tissue may be 
known by first detennining the location of the electrode(s) using techniques described above. 
Then the mcfliod appUes a signal to the electrode(s) in the tissue of interest (step 54). The 
signal may be a signal of varying frequency, e.g., a sliding frequency signal in one 

20 embodiment The method or system flien deteraaines die tissue diaracteristics based on die 
applied signal (step 56). The determined characteristics are con5)ared to normal or eicpected 
characteristics for healthy or normal known tissue (step 58). When the determined 
characteristics are diffeient from the ejqpected characteristics for the known tissue (when 
healdiy) (by some tolerance amount), the metiiod or system indicates diat die tissue at the 

25 electrode(s) is unhealtiiy (62). The method may also indicate what type of disease die tissue 
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may have based on known characteristics of diseased tissue, ie., tissue Bcppcaxs to be 
cancerous or ischemic. Othetwise^ file system may mpotl that the tissue near the electrode(s) 
zppears to be healthy. 

5 In anodier embodiment, fiie probe 22 may be a pedicle screw or pedicle probe. During the 
inaction of a pedicle screw, it is critical that flie pedicle wall is not violated. Surgeons use 
image intensifiers and other equqpment to prevent such a violation. The tissue discrimination 
system of the present invration may be used to monitor the position of the pedicle probe or 
pedicle screw. In particular the system monitors the impedance and capacitance or phase shift 

10 at the tip of flie pedicle probe or screw to detennine whether the tip is in cortical bone, 
cancellous bone, or cortical bone near a boundary wifli soft tissue. 

to this embodimmt, the outer surfiwe of tibie pedicle screw may be non-conductive except to 
the head and tip of the pedicle screw. Likewise, the outer surface of the pedicle probe is non- 
15 conductive except for the distal and proximal ends of flie probe. A conductive lead is then 
^Ued to the head of the pedicle screw or proximal end of the pedicle probe to conduct a 
signal to the tip of the screw or probe, the signal having a varying or fixed firequency. 

Hien, the system 10 detemiines the phase angle and unpedance of the signal applied to the tip 
20 for each firequency of the signal. The system 10 uses tfie combination of characteristics and 
frequency of ttie applied signal may be used to detennine whether tibe tip is located in cortical 
bone, cancellous bone, or cortical bone near the boundary with soft tissue. Depending on the 
determination, the surgeon may contmue flie insertion of the pedicle probe or screw. 
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In another anbodiment, the probe 22 may be a cannula to be inserted adjacent to an anmihis 
of a patirat*s spinal disc prior to perfonning an annulotomy. During the insertion of the 
cannula towards the amuilus, it is oitical that the camnda not rest again a nerve along side the 
annulus wall. Surgeons use electromyography (EMG) equqnnent and oHher equipment to 
S prevent such a situation. The tissue disGrimination system 10 of the present invention may be 
used to monitor the positicm of the caxmula as it is advanced to the aimulus walL La particular, 
the system monitors the impedance and capacitance or phase shift at the tip of the cannula to 
determine whether ibc distal tip is adj acent to nerve tissue or amnihis tissue. 

10 In this embodiment, the outer sur&ce of the cannula is non-conductive except for the distal 

> 

and proximal ends of the caimula. A conductive lead is then appKed to the proximal end of 
the cannula to conduct a signal to the tQ> of cannula, the signal having a varying or fixed 
frequency. 

1 5 Then, the system 1 0 determines the phase angle and impedance of the signal appKed to the tip 
for each frequency of the signal. The system 10 uses the combination of characteristics and 
frequency of the lulled signal may be used to detennine whether the tip is located adjacent 
to nerve tissue or amnilus tissue. D^ending on the d^ermination, the surgeon may continue 
the insertion of the cannula. 

20 

hi another embodiment, the probe 22 may be an ablation cathode to be inserted into a 
patient's prostate gland prior to performing prostate gland ablation. During the insertion of 
the cathode into the prostate gjand, it is critical that tiie cathode is not near or adjacent to 
nerve tissue along side or within the prostate gland. Surgeons use image intensifier equipment 
25 and other equipment to prevent such a situation. The tissue discrioaination system 10 of tiie 
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present invention may be used to monitor the position f the cathode as it is advanced into the 
prostate gknd. In particular, the system monitots &e impedance and capacitance or phase 
shift at the tip of the cathode to deteacmine wh^er flie distal tip is adj acent to nerve tissue or 
prostate gland tissue. 

5 

In this embodiment, the signal is aj^lied to the ablation cathode tip, the signal having a 
varying or fixed firequency. Thm, the system 10 determines the phase angle and impedance 
of the signal applied to the tip for each firequency of the signal. The system 10 uses the 
combination of characteristics and fireqiiency of the q)plied signal may be used to detemiine 
10 whether tihe tip is located adjacent to nerve tissue or prostate gland tissue. Depending on the 
detemiinfltion, tibe surgeon may contimie the insertion of flie cathode. 



While this invention has bem described in temis of a best mode for achieving this invention's 
objectives, it will be qipreciated by those skilled in the art that variations may be 

IS accomplished in view of these teachings without deviating finom Ihe spirit or scope of the 
present invention. For example, the presoit invention may be implemented using any 
combination of computer programming software, jBrmware or hardware. As a preparatory 
step to practicing the invention or constructing an apparatos according to the invention, the 
coxsputer programming code (i^ether software or firmware) according to the invention will 

20 typically be stored in one or more machine readable storage mediums such as fixed (hard) 
drives, diskettes, optical disiks, magnetic tq)e, soniconductor memories such as ROMs, 
PROMs, eto., thereby making an article of manufacture in accordance with the inventioxL The 
article of manufacture contaimng the computer programming code is used by either executing 
die code directly fiom the storage device, by copying the code fiom the storage device into 
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another storage device such as a hard disk, RAM» etc. or by transnutting the code on a 
network for remote execution. 

As can be envisioned by one of sldll in the art, many difGerent combinations of the above may 
5 be used and accordingly the present invention is not limited by the scope of the qfypended 
claims. 
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Whatisdaimedis: 

1 1. AmetlK>dof disodbimiatmgbetwerati^ 

2 a) placing a piobe having a conductive element within a ti^^ 

3 b) applying a signal to die conductive element; 

4 c) detennining characteristics of the £^pUed signal; and 

5 d) Hitffl mimi'rig thft tiMie type based on Ihe detmninBd characteristics. 

1 2. The method of claim 1, wherem step b) applies signals having a range of 

2 predet^mined frequencies to the conductive element 

1 3. The method ofclaim 2, wherein the step d) includes detennining the tissue type based 

2 on the determined characteristics and frequency of the implied signal. 

1 4. The method ofclaim 1, wherein the conductive element is an electrode. 

1 S. The method ofclaim 4, wherein the pn>be includes a pair ofelectrodes and the sign^ 

2 is passed between said electrodes. 

1 6. The method of daim 1, wherein the pn>becon9iises one of an elongated mem^ 

2 cannula, a tissue ablation device, and a needle. 

1 7. The method of claim 1, wherein the probe comprises any surgical tool. 

1 8. The method ofclaim 1, wherein the signal is one of an electrical and optical signal. 
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1 9. The method of claim 1» wherein further comprising the step of advancing the probe 

2 fiom a first tissue type into a second tissue type where the first tissue type is know 

3 and wherein step d) includes deteamining the second tissue type based on the 

4 determined characteristics and the first tissue type. 

1 lO.Themetihodofclaim 1, wherein the signal is an electrical signal having a sliding 

2 &equeacy. 

1 11. The method of claim 1, wherdn the signal is a sinusoidal electrical signal 

1 12. The method of claim 1, wherein measured characteristics of tibie signal include a phase 

2 angle. 

1 13. The me&od of claim 1, wherem measured diaracteristics of the signal include an 

2 impedance ofthe signal through the tissue. 

1 14. An article of manu&cture for use in discriminating between tissue types where a 

2 probe having conductive element is placed within a tissue whose type is to be 

3 discriminated, the article of manufiacture comprising computer readable storage media 

4 in ^.| iiHiTig program logic onbedded therein that causes'control circuitry to perform the 

5 steps: 

6 a) ^plying a signal to the conductive element; 

7 b) determining characteristics of flie i^lied signal; and 

g c) detemnmxig the tissue type based on the determined characteristics. 
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IS* The article of mami&ctuie of claim 14, wherein step a) applies signals having a range 
of predetmnined fireqaencies to the conductive element 



1 16. The article of manu&cture of claim IS, wherein the step c) includes detemiining the 

2 tissue type based on the determined characteristics and fiequency of the applied 

3 signal. 

1 1-7. The article of manufiactuie of claim 14, wherein the conductive element is an 

2 electrode. 

1 18. The article of manu&cture of claim 14, wherein the probe includes a pair of 

2 electrodes and the signal is passed betwem said electrodes. 

1 19. The article of manufacture of claim 14, wherein the probe comprises one of an 

2 elongated member, a cannula, a tissue ablation device, and a needle. 

1 20. The article of manufacture of claim 14, vAerein tite probe comprises any surgical 

2 tool. 

1 21. The article of manu&cture of claim 14, iTcdierein the signal is one of an electrical and 

2 optical signaL 

1 22. The article of manu&cture of claim 14, i^eretn the signal is an electrical signal. 
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23, The aiticle of manu&cture of claim 14, wherein the signal is an electrical signal 
having a sliding fieqoency . 



1 24. The article of manufacture of claim 14, wherein the signal is a sinusoidal electrical 

2 signal. 

1 25. The article of manufacture of claim 14, wherein measured characteristics of flie signal 

2 include a phase angle. 

1 26. The article of manufacture of claim 14, wherein measured characteristics of tiie signal 

2 include an inq)edance of the signal tim>ugh the tissue. 

1 27. An q>paratus for use in discriminating between tissue types where a probe having 

2 conductive element is placed within a tissue whose type is to be discriminated, the 

3 apparatus including: 

4 a) means for s^lying a signal to the conductive elemmt; 

5 b) means for determining characteristics of ttie applied signal; and 

6 c) means for determining the tissue type based on the deteimined characteristics. 

1 28. The s^aratus of claim 27, wherein means for q>plying a signal includes means for 

2 applying signals having a range of predetomined frequencies to the conductive 

3 client 
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1 29. The e^aiatas of claim 28, wherein fhe means for detennioing the tissue type includes 

2 means for detemiining the tissue type based on flie detemiined characteristics and 

3 frequency of the applied signal. 

1 30. The apparatus of claim 27, wherein the conductive element is an electrode. 

1 31. The i^paratus of claim 27, wherein the probe includes a pair of electrodes and the 

2 signal is passed between said electrodes. 

1 32. The apparatus of claim 27, wherein the probe comprises one of an elongated member, 

2 a cannula, a tissue ablation device^ and a needle. 

1 33. The ^aratus of claim 27, wherein tiie probe conqirises any surgical tool. 

1 34. The apparatus of claim 27, wherein the signal is one of an electrical and optical 

2 signal. 

1 35. Tlie ^aratus of claim 27, \^erein the signal is an electrical signal. 

1 36. The apparatus of claim 27, wherein the signal is an electrical signal having a slidmg 

2 frequency. 

1 37. The q>paratus of claim 27, wherem tiie signal is a sinusoidal electrical signal 
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38. The ^aratus of claim 27, wherein measured diaiacteristics of the signal include a 
phase angle. 



1 39. The apparatus of claim 27, wherein measured characteristics of the signal include an 

2 impedance of the signal flirough the tissue. 

1 40. A method of applying tiberapy to tissue comprising the steps of: 

2 a) placing a probe with a conductive element within the tissue; 

3 b) qsplyingther^y to die tissue; 

4 c) applying a signal to the conductive element; 

5 d) determining characteristics ofthe applied signal; azid 

6 e) determining the level of therapy applied to the tissue based on the detemained 

7 characteristics; and 

8 f) stopping the appHcationofthor^y based on fliedetominedlevd of therq>yappU^ 

9 to flie tissue. 

1 41. The method of claim 40, wherein step b) applies signals having a range of 

2 predetennined frequencies to fhe conductive element. 

1 42. The method of claim 41, herein flie step d) includes detenniiiing the level of ther^y 

2 applied to tbie tissue based on the determined characteristics and fiequency of fhe 

3 applied signal. 

1 43. The meOiod of claim 40, iTi^erem flie conductive dement is an electrode. 
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1 44. The method of claim 43, wherem the probe includes a pair of electrodes and the signal 

2 is passed between said electrodes. 

1 45. The method of claim 40, wherein the probe comprises one of an elongated member, a 

2 cannula, a tissue ablation device, and a needle. 

1 46. The method of claim 40, wherem the probe comprises any surgical tool. 

1 47. The method of claim 40, wherem Ifae signal is an electrical signal having a* sUding 

2 frequency. 

1 48. The method of claim 40, wheran measured characteristics of the signal include a 

2 phase angle. 

1 49. The method of claim 48, \^min measured characteristics of the signal include an 

2 impedance of the signal through the tissue. 
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1 50. An article of manu&cture for use in applying therapy to tissue where a probe having 

2 conductive element is placed wifliin fhe tissue, the article of manufacture conq)iising 

3 computer readable storage media including program logic embedded therein that 

4 causes control drcuitiy to perform the stqps: 

5 a) applying a signal to tibe conductive element; 

6 b) determimng diaracteristics of the applied signal; and 

7 c) determining the level of therapy qiplied to the tissue based on the determined 

8 characteristics; and 

9 d) stopping the plication of therapy based on the determined level of therapy 
10 applied to the tissue. 

1 51. The article of manufecture of claim 50. wherein step a) ^lies signals having a range 

2 of predetermined frequencies to the conductive element 

1 52. The article of manufacture of claim 51, wherein fhc step c) includes determining the 

2 level of thenqpy implied to the tissue based on the determined characteristics and 

3 frequency of die q;iplied signal. 

1 53. The article of manufacture of claim 50, wherein the conductive elemmt is an 

2 electrode. 

1 54. The article of manufacture of claim 50, wherein the probe includes a pair of 

2 electxodes and the signal is passed between said decttodes. 
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SS. TtLe article of manuJ^ture of claim SO, wherein the probe comprises one of an 
elongated member, a cannula, a tissue ablation device, and a needle. 



1 56. The article of manu&cture of claim SO, wherein the signal is one of an electrical and 

2 optical signaL 

1 57. The article of manu&cture of claim SO, wherein the signal is an electrical signal 

2 havixig a sliding fireqaency. 

1 58. The article of manu&cture of claim 50, wherein measured characteristics of the signal 

2 include a phase angle. 

1 59. The aiticle of manufacture of claim 58, wherein measured characteristics of the signal 

2 include an inopedance ofHic sigiud through the tissue. 



1 60. An q>paratus for use in applying therapy to tissue wh^ a probe haviog conductive 

2 element is placed wiOin the tissue, Hbe apparatus including: 

3 . a) means for c^lying a signal to the conductive element; 

4 b) means for deteinuning characteristics ofthe applied signal; and 

5 c) means for determiziing the level of therapy qyplied to the tissue based on 

6 the determined charactoistics; and 

7 d) means for stopping the application of therapy based on the det^mined 

8 level oftfaerqyyqiplied to the tissue. 
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1 61. The apparatus of claim 60, wherein means for applying a signal inchides means for 

2 qyplying signals having a range of predetermined firequencies to the conductive 

3 elemepL 

1 62. The apparatus of claim 61, wherein tiie means for determining the level of ibsxBpy 

2 applied to the tissue includes means for detennining the level of iherapy applied to the 

3 tissue based on the detemiined characteristics and frequency of the applied signal. 

1 63. The s^aratus of claim 60, wherein the conductive element is an electrode. 

1 64. The q>paratu5 of claim 60, wherem the probe includes apair of electrodes and the 

2 signal is passed between said electrodes. 

1 65. The ipparatus of claim 60, wherein the probe comprises one of an elongated member, 

2 acannula, a tissue ablation device, and a needle. 

1 66. The sqpparatus of claim 60, wherein the signal is an electrical signal havmg a slidrog 

2 frequency. 

1 67. The qiparatus of claim 66, wherein measured characteristics of the signal include a 

2 phase angle. 

1 68. The apparatus of claim 67, wfaearein measured characteristics of the signal include an 

2 impedance ofthesignallhrongh the tissue. 
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1 69. A method of detennining a kaown tissue's health conqprising the steps of: 

2 a) placing a probe having a coiiductive element wi^^ 

3 b) {^plying a signal to the conductive element; 

4 c) ddjennimngdiaracteristicsofthe applied signal; and 

5 d) detennining &e tissue's health based on the detemiined characteristics. 

1 70. The method of claim 69, wherein step b) appUes signals having a range of 

2 predeiennined firequencies to the conductive element 

1 71, The method of claim 70, wherein the step d) includes determining the tissue's health 

2 based on the determined characteristics and fiequency of the ^lied signal 

1 72. The method of claim 69, wherein the conductive element is an electrode. 

1 73. The method of claim 72, wherein the probe includes a pair of electrodes and the signal 

2 is passed between said electrodes. 

1 74. The method of claim 69, wherein the probe conq;>rises one of an elongated member, a 

2 cannula, a tissue ablation device, and a needle. 

1 75. The method of claim 69, wherein the signal is an electrical signal having a sliding 

2 frequency. 

1 76. The method of claim 75, wherein measured characteristics of the signal include a 

2 phase angle. 
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77. The method of claim 16, wherein measured characteristics of the signal include an 
inq)edance of the signal through the tissue. 



1 78. An article of manu&cture for use in determining a known tissue's health where a 

2 probe having conductive elmient is placed within the tissue, the article of 

3 manufiu^e comprising compute: readable storage media including program logic 

4 embedded therein that causes control circuitry to perform the steps: 

5 a) qyplying a signal to &e conductive element 

6 b) detennining characteristics oftti6q>plied signal; and 

7 c) detennining the tissue's health based on the deterinined characteristics. 

1 79. The article of manu&cture of claim 78, wherein stq> a) applies signals having a range 

2 of predetermined firequoicies to the conductive element 

1 80. The article of manufacture of claim 79, wherein the step c) includes determining the 

2 tissue's health based on the detennined characteristics and fiequency of the applied 

3 signal. 

1 81. The article of manu&cture of claim 78, wherein flie conductive element is an 

2 elecbode. 

1 82. The article of manu&cture of claim 81, wherein the probe includes a pair of 

2 electrodes and the signal is passed between said electrodes. 
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83. The article of manufacture of claim 82» wherem the probe comprises one of an 
elongated member, a cannula, a tissue ablation device, and a needle. 



1 84. The article of maniifacture of claim 82, wherein the signal is an electrical signal 

2 having a sliding fiequency. 

1 85. The article of manufacture of claim 84, wherein measured characteristics of the signal 

2 include a phase angle. 

1 86. The article of manuJbcture of claim 85, wherein measured characteristics of the signal 

2 further include an impedance of the signal through the tissue. 

1 87. An apparatus for use in determining a known tissue's health where a probe having 

2 conductive element is placed within the tissue, the apparatus including: 

3 a) means for applying a signal to the conductive element 

4 b) means for delemuning characteristics of the applied signal; and 

5 c) means for detamining die tissue type based on the detennined characteristics. 

1 88. The apparatus of claim 67, wherein means for q)plying a signal includes means for 

2 allying signals having a range of predetemuned frequencies to the conductive 

3 element. 

1 89. The apparatus of claim 88, wherein the means fi>r determining tiie tissue's health 

2 includes means for determining die tissue's health based on die determined 

3 characteristics and frequency of the applied signal 
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90. Tlie apparatus of claini 89, wherem the conductive element is an electrode. 



1 91 . The apparatus of claim 90, ^vfaerein ttie probe includes a pair of electrodes and the 

• 2 signal is passed between said electrodes. 

1 92. The apparatus of claim 90, wherein the probe comprises one of an elongated member, 

2 acannula, atissue ablation device, and a needle. 

1 93. The qyparatus of claim 91, wfaerrinflie signal is an electrical signal having a sliding 

2 firequeocy. 

1 94. The s^paratus of claim 93, ^erdn measured characteristics of ibo signal include a 

2 phase angle. 

1 95. The a5)paratus of claim 94, wherein measured characteristics of the signal include an 

2 impedance oftfae signal through the tissue. 

1 96. A method for discriminating between various tissue types, comprising: 

2 a) advancing a probe Ihrougih a body oftissue, the probe having an electrode 

3 disposed th6reoI^ 

4 b) emitting a signal from the electrode on the probe such that the signal passes 

5 tiirough tissue disposed near or adjacent to the electrode; 

6 c) measuring diaracteristics of ttie signal; and 

7 d) discriminating the tissue type based on the measured signal characteristics. 
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1 97. The method of claim 1, whwcin flie probe includes apair of electrodes and the signal 

2 passed between said electrodes. 

1 98. The metihod of claim 1, wherein fhe probe comprises one of an elongated member, a 

2 cannula, a tissue ablation device, and a needle. 

1 99. The method of claim 1, wherein the probe comprises any surgical tool. 

1 100. The method ofclaiml, wherein die signal is one of an electrical a^ 

2 signal. 

1 101. The method ofclaiml,wherehitiie signal is an electrical signal. 

1 102. The method of claim 1, wherein the signal is an electrical signal having a 

2 sliding fiequency. 

1 103. The method ofclaiml, wherein the signal is a sinusoidal electrical signal. 

1 104. The method of claim 1, wherein measured characteristics of the signal include 

2 a phase angle. 

1 105. The method of claim 1, wherein measured characteristics of the signal include 

2 an ixE$>edanceofthe signal through ttie tissue. 
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1 106. A method of detenxuning whether the conductive tip of a pedicle probe or 

2 pedicle screw is located in one of cortical bone, cancellous bon , and cortical bone 

3 near a boundary with soft tissue conpising die steps of: 

4 a) q>plying a signal to the conductive tip; 

5 b) detennining characteristics of the applied signal; and 

6 c) detennining whefliertibe conductive tip ofthe probe is located in one of cortical bone, 

7 cancellous bone, and cortical bone near a boundary with soft tissue based on the 

8 determined characteristics. 

1 107. The method of claim 106, whcrem step a) applies signals having a range of 

2 predetermined finequencies to the conductive element 

1 108. The method of claim 107, wherein the step c) includes detennining whether 

2 the conductive tip of tiie probe is located in one of cortical bone, cancellous bone, and 

3 cortical bone near a boundary with soft tissue based on tiie determined characteristics 

4 and frequency offtie applied signal. 

1 1 09. The method of claim 1 07, wherein the conductive element is an electrode. 

1 110. The method of claim 109, wherem the probe includes apair of electrodes and 

2 the signal is passed between said electrodes. 

1 111. The method of claim 109, i^^ierem the signal is an electrical signal having a 

2 sliding firequency. 
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1 12. The method of claim 111, wherein measured charactetistics of the signal 
include a phase angle. 



1 113. The method ofclaimll2» wherein measured characteristics of the 

2 include an impedance of the signal through the tissue. 

1 114. An article of manu&cture for use in determining whether the conductive tip of 

2 a pedicle probe or pedicle screw is located in one of cortical bone, cancellous bone, 

3 and cortical bone near a boundary with soft tissue, the article of manufacture 

4 comprising compata readable storage media including program logic embedded 

5 therein that causes control drcuitiy to perform the steps: 
6' a) applying a signal to the conductive tip; 

7 b) detennining characteristics ofthe applied signal; and 

8 c) detennining wheth» the conductive tip of a pedicle probe or pedicle screw is located 

9 in one of cortical bone, cancellous bone, and cortical bone near a boundary with soft 
1 0 tissue based on the determined characteristics. 

1 115. The article of manu&cture of claim 114, wherein step a) applies signals 

2 having a range of predetermined ftequencies to the conductive elemoit 

1 116. The article of manufecture of claim 115, wherein fbe step c) includes 

2 determining whether the conductive tip of a pedicle probe or pedicle screw is located 

3 in one of cortical bone, cancellous bone, and cortical bone near a boundary with soft 

4 tissue based on the determined characteristics and frequency ofthe qyplied signal. 
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1 117. The article of mami£Eu;tuie of claim 1 16, wherein the conductive elemeat is an 

2 electrode. 

1 118. The article of manufacture of claim 117, wherein die probe includes a pair of 

2 electrodes and the signal is passed between said electrodes. 

1 1 19. The article of manufacture of claim 118, wherein the signal is an electrical 

2 signal having a sliding firequency. 

1 120. The article of manufacture of claim 1 19, wherein measured characteristics of 

2 the signal include a phase angle. 

1 121 . The article of manufacture of claim 120, wherein measured characteristics of 

2 the signal further include an inq>edance of the signal through the tissue. 

1 122. An ^paratus for use in detennining whether the conductive tip of a pedicle 

2 probe or pedicle SCTew is located in one of cortical bone, cancellous bone, and cortical 

3 bone near a boundary with soft tissue, the apparatus including: 

4 a) means for applying a signal to the conductive tip; 

5 b) meam for determining duuracteristicsoftiie emptied signal; and 

6 c) means for determining 'v^etiier the conductive tip of a pedicle probe or pedicle screw 

7 is located in one of cortical bone, cancellous bone, and cortical bone near a boundary 

8 with soft tissue based on the determined dbaractecistics. 
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1 123. The q^paratus of claiin 122, wherein means for applying a signal includes 

2 means for qyplying signals having a range of predetomined fiequmcies to tibe 

3 conductive element. 

1 124. The apparatus of claim 123» wherdn the means for detennimng whether the 

2 conductive tip of a pedicle probe or pedicle screw is located in one of cortical bone» 

3 cancellous bone, and cortical bone near a boundary with soft tissue includes means for 

4 detennining whdher the conductive tip of a pedicle probe or pedicle screw is located 

5 in one of cortical bone, cancellous bone, and cortical bone near a boundary with soft 

6 tissue based on the determined characteristics and frequency of the ^lied signal. 



1 125. The ^aratus of claim 124, iT^icrein the conductive element is an electrode. 

1 126. The ^aratus of claim 125, wherem tfie probe includes a pair of electrodes 

2 and the signal is passed between said electrodes. 

1 127. The apparatus of claim 126, wfaoein the dgnal is an electrical signal havi^ 

2 sliding frequency. 

1 128. The Bppaxatas of claim 1279 wherein measured charact^istics of the signal 

2 include a phase angle. 

1 129. The apparatus of claim 128, wherdn measured characteristics of tibe signal 

2 include an impedance of the signal fhroue^ the tissue. 
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1 130. A method of detennioing whether the conductive tip of a canxnila is located 

2 adjacent to one of nerve tissue and annuhis tissue conqptising the stq)S of: 

3 a) applying a signal to the conductive tip; 

4 b) determining characteristics oftheappUed signal; and 

5 c) determining whedier die conductive tip of a cannula is located adjacent to one of 

6 nerve tissue and fltmulug tissue based on thie detomined diaracteristics. 

1 I3L The method of claun 130, wherein step a) q>plies signals having a range of 

2 predetermined frequencies to the conductive element. 

1 132. The mettiod of claim 131, wherein die stq> c) includes determining wheOier 

2 the conductive tip of a cannula is located adjacent to one of nerve tissue and annulus 

3 tissue based on the determined characteristics and fiequency of the s^lied signal. 

1 133. The method of claim 132, wherdn the conductive element is an electrode. 

1 134. Theme«hodofclaiml33,whcrein1heprobeiiicludesapairof electrodesand 

2 the signal is passed between said electrodes. 

1 135. The m^hod of claim 134, wherdn die signal is an electrical signal having a 

2 sliding fiequency. 

1 136. The mediodofclaim 135, wherein measured diaracteristics of the signal 

2 include a phase angle. 
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137. The meOiod of claim 136, wherein measured characteristics of the signal 
include an impedance of tibie signal Enough the tissue* 



1 138. • An article of mana£u:ture for use in detomining whether the conductive tip of 

2 a cannula is located adjacent to one of nerve tissue and annuhis tissue, the article of 

3 manu&cture comprising computer readable storage media including program logic 

4 embedded therein that causes control drcuitzy to perform the steps: 

5 a) flying a signal to the conductive tq>; 

6 b) determining characteristics offheqiplied signal; and 

7 c) determining whether the conductive tip of a cannula is located adjacent to one of 

8 nerve tissue and annulus tissue based on flie detemained characteristics. 

1 139. The article of manu&cture of claim 138, wherein step a) applies signals 

2 having a range of predetemiined fiequendes to flie conductive element 

1 140. The article of manufacture of claim 139, wherein the step c) includes 

2 determining whether the conductive tip of a cammla is located adjacent to one of 

3 nerve tissue and annulus tissue based on the determined characteristics and frequency 

4 of the qiplied signal. 

1 141 . The article of manu&cture of claim 140, wherein Hie conductive element is an 

2 electrode. 

1 142. The article of manufacture of clann 141, herein the probe includes a pair of 

2 electrodes and the signal is passed between said electrodes. 
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1 143. Thfi arti^^ft nf y r^mnfarA ire of elaitn 142, wfaerein the signal is an electrical 

2 signal having a sttdiiigfieqaeacy. 

1 144. The article of mamiftctme of claim 143, wherein measured characteristics of 

2 flie signal include a phase angle. 

1 145. The article of manu&cture of claim 144» wherein measured characteristics of 

2 the signal fiirttier include an impedance of the signal through the tissue. 

1 1 46. An s^paratus for use in deterouning whether the conductive tip of a cannula is 

2 located adjacent to one of nerve tissue and annuhis tissue, the apparatus including: 

3 a) means for sq)plying a signal to the conductive tip; 

4 b) means for detennining characteristics ofthe applied signal; and 

5 c) means for detennining whether the conductive tip of a cannula is located acyacent to 

6 one of nerve tissue and anmilus tissue based on the detennined characteristics. 

1 147. The apparatus of claim 146, wherein means for ^plying a signal includes 

2 means for ^plying signals having a range of predetermined frequencies to the 

3 conductive element. 

1 148. The apparatus of claim 147, wherein the means for detemoining whether the 

2 conductive tip of a cannula is located adjacent to one of nerve tissue and annulus 

3 tissue includes means for detennining whether flie conductive tq> of a cannula is 

4 located adjacent to one of nerve tissue and annulus tissue based on flie detennined 

5 characteristics and frequency ofthe applied signal. 

40 



wo 01/87154 PCTAISOl/16027 

1 149. The q>paratus of claim 148, wherein the conductive element is an electrode. 

1 ISO. The apparatus of claim 149, wheran tiie ptobe indudes a pair of electrodes 

2 and the signal is passed between said electrodes. 

1 151. The apparatus ofclaim ISO, wherein tibie dgnal is an electrical signal having 

2 sliding frequency. 

1 1S2. The apparatus of claim ISl, wherein measured characteristics of the signal 

2 include a phase angle. 

1 1S3. The apparatus of claim 1S2, wherein measured characteristics of &e signal 

2 include an impedance of the signal through tiie tissue. 

1 1S4. A method of determining whether the conductive tip of a cathode is located 

2 adjacent to one of nerve tissue asid prostate gland tissue comprising the stq>8 of: 

3 a) qyplying a signal to the conductive tip; 

4 b) detemiining characteristics ofthei^lied signal; and 

5 c) determining whether the conductive tip of a cathode is located adjacent to one of 

6 nerve tissue and prostate gland tissue based on the determined characteristics. 

1 155. The method of claim 154, wherein step a) applies signals having a range of 

2 predefetmined ftequoncles to the conductive elonent 
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1 156. The method of claim ISS, wherdn the step c) includes detemuning whether 

2 ttie conductive tip of a cathode is located Bi^Bccat to one of nerve tissue and prostate 

3 gland tissue based on the determined characteristics and frequency of the applied 

4 signal 

1 157« The method ofclaim 156, wherein the conductive eleinent is an electrode* 

1 158. The method of claim 157, wherem the probe includes a pair of electrodes and 

2 the signal is passed between said electrodes. 

1 159. The method ofclaim 158, wherein the signd is an electrical dgnd having a 

2 sliding frequency. 

1 160. The mettiod of claim 159, wherein measured charact^stics of the signal 

2 include a phase angle. 

1 161. The method ofclaim 160, wherein measured characteristics of ttie signal 

2 include an impedance of the signal through the tissue. 
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1 1 62. An article of manu&cture for use in detennining whether the conductive tip of 

2 a cafhode is located adjacent to one of nerve tissue and prostate gland tissue, the 

3 article of manu&ctuie conqmsing computer readable storage media including 

4 program logic embedded therein that causes control circuitiy to perform Oie stqps: 

5 a) applying a signal to the conductive tip; 

6 b) detenrdning diaxact^ristics of the qyplied signal; and 

7 c) determining whether die conductive tip of a cadiode is located adjacent to one of 

8 - nerve tissue and prostate gland tissue based on the detennined characteristics. 

1 163. The article of manu&cture of claim 162, wherein step a) applies signals 

2 having a range of predetmnined frequencies to the conductive element 

1 164. The article of manu&cture of claim 163, wherem the step c) includes 

2 detemiining wfaettier tibie conductive tip of a cathode is located adjacent to one of 

3 nerve tissue and prostate gland tissue based on the detennined characteristics and 

4 frequency of the applied signal. 

1 165. The article of manufacture of claim 164, wherdn the conductive element is an 

2 ' electrode. 

1 1 66. The article of manufacture of claim 1 65, wherem the probe includes a pair of 

2 electrodes and tihe signal is passed between said electrodes. 

1 167. The article of manufactuxe of claim 166, whereui &e signal is an electrical 

2 signal having a sliding frequency. 
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168. The article of manufacture of claim 167, indierein measured characteristics of 
the signal include a phase angle. 



1 169. The article of manu&cture of claim 168, wherein measured characteristics of 

2 the signal furth^ include an impedance of the signal through the tissue. 

1 170. An q>paratus for use in detennining whedier the conductiye tip of a cathode is 

2 located ac^acent to one of nenre tissue and prostate gland tissue, the apparatus 

3 including: 

4 a) means for flying a signal to the conductive tip; 

5 b) meazis for determining characteristics ofthe applied signal; and 

6 c) means for detennining whether die conductive tip of a cathode is located adjacent to 

7 one of norve tissue and prostate gland tissue based on the determined characteristics. 

1 171. The apparatus of claim 170, wherein means fixr applying a signal includes 

2 means for ^plying signals having a range of predetemuned frequencies to the 

3 conductive element 

1 172. The apparatus of claim 171, wherem the means for determining whether the 

2 conductive tip of a cathode is located adjacent to one of nerve tissue and prostate 

3 gland tissue includes means for determining whether the conductive tq> of a cathode is 

4 located adjacent to one of nerve tissue and prostate gland tissue based on the 

5 detranined characteristics and frequency of the applied signal. 

1 173. The apparatus of claim 172, wherein the conductive element is an electrode. 
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174. The apparatus of claim 173, wherein the probe includes a pair of electrodes 
and ^6 signal is passed httweca said electrodes. 



1 175. The apparatus of claim 174, wherein the signal is an electrical signal having a 

2 sliding firequency. 

1 176. The apparatus of claim 175, wherein measured characteristics of the signal 

2 include a phase angle. 



1 177. The apparatus of claim 176, wherein measured characteristics of the signal 

2 include an impedance of the signal through flie tissue. 
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